Many molecular alterations are known to occur in urothelial carcinoma of the bladder, but their significance for tumor progression is poorly understood. Deletions of chromosome 8p are frequently found in several tumor types and are often associated with progressive disease. In all, 99 bladder tumors were screened for deletions at 8p using loss of heterozygosity (LOH) and multicolor fluorescence in situ hybridization FISH analyses. Allelic loss on chromosome 8p in at least one marker was found in 25/99 (25%) tumors. There was a significant correlation of 8p deletions with invasive tumor growth and a highly significant association with papillary growth pattern in patients with invasive disease. cDNA array analyses revealed that secreted Frizzled-related protein 1 (sFRP1), an antagonist of Frizzled receptors and Wnt pathway activation on chromosome 8p12-11.1, is frequently downregulated in bladder cancer. To investigate sFRP1 as a candidate for a putative progressionrelated gene on 8p, urothelial cell lines and primary urothelial carcinomas were screened for sFRP1 expression using quantitative real-time PCR, Northern blot, immunofluorescence and immunohistochemistry (IHC). Of the investigated bladder cancers, 38% showed loss of sFRP1 expression by quantitative RT-PCR. Evaluation of the protein expression by IHC using tissue microarrays containing 776 bladder cancers revealed loss or strong reduction of sFRP1 expression in 66% of cases. SFRP1 loss was associated with higher tumor stage and grade and shorter overall survival. In addition, loss of sFRP1 was an independent indicator of poor survival in patients with papillary but not with muscle invasive bladder cancer. There were neither mutations in the coding region of sFRP1 nor homozygous deletions at 8p12-11.21. However, promoter methylation was detected using methylation-specific PCR in 29% of cases. In conclusion, we could show a close correlation of chromosome 8p deletions and progression of papillary bladder tumors. The sFRP1 gene on chromosome 8p12-11.1 could be a candidate gene for the predicted, progression-related tumor suppressor gene in bladder cancer and could contribute to urothelial carcinogenesis.
of chromosome 9 and activating mutations in the fibroblast growth factor receptor 3 (FGFR3) gene are very early and frequent events in the development of papillary tumors. 4, 5 In contrast, solid invasive tumors frequently show deletions on chromosome 17p and mutations of the p53 gene, changes that can already be found in dysplasia or carcinoma in situ (CIS). [6] [7] [8] Invasive tumors accumulate many additional genetic alterations, for example, losses on chromosomes 3p, 4p, 10q or 13q, changes that are not found in superficial papillary tumors. [9] [10] [11] [12] Although there are several clinical and histopathological features that could indicate a higher progression risk of papillary tumors, for example, high tumor grade, multifocality and concomitant CIS, new molecular prognostic markers for papillary bladder cancers are needed. 13 Deletions at chromosome 8p are frequently found in several tumor types, for example, colorectal, prostate, lung or hepatocellular cancer, 14, 15 and are often associated with progressive disease. 16 In bladder cancer, deletions on chromosome 8p are frequently detected in advanced tumor stages. 3, [9] [10] [11] [12] [17] [18] [19] Detailed deletion mapping in bladder cancer indicates that there are at least two common deleted regions, one at 8p23.3 18 and another at 8p12-p11.2. 20 Similar deletion regions were also detected in oral 21 and ovarian cancer, 22 suggesting the presence of one or more tumor suppressor genes (TSG) on this chromosome arm. Several candidate genes (eg WRN, TRAIL-R2, Dematin) have been identified on chromosome 8p. [23] [24] [25] Whereas FEZ1/ LZTS1 at 8p22 is frequently downregulated in bladder cancer, 26 the DNA polymerase b gene (POLB) and an isoform of the catalytic subunit of protein phosphatase 2A (PPP2CB) do not seem to represent the TSG for bladder cancer. 27 Another candidate gene on chromosome 8p12-11.1 is the secreted Frizzled-related protein 1 gene (sFRP1), an antagonist of Frizzled receptors and Wnt pathway activation. 28 The Wnt proteins comprise a highly conserved, multimember ligand family, which play important roles in patterning and cell fate determination. The Wnt pathway (see, for review, Eastman and Grosschedl 29 and Polakis 30 ) involves binding of Wnt proteins to Frizzled receptors and stabilization of cytoplasmic betacatenin. Stabilization leads to nuclear and cytoplasmatic accumulation of uncomplexed beta-catenin that binds to TCF/LEF transcription factors, subsequently activating the expression of nuclear target genes (eg cyclin D1 and c-myc) to establish the oncogenic phenotype. [31] [32] [33] Accumulating evidence links Wnt signaling to tumorigenesis in several organs. Constitutive Wnt pathway exists in several human cancer types through mutations of one or more pathway members, as found in the genes for APC, axin and beta-catenin. 34, 35 Several antagonists (eg sFRP1, FrzB, WIF-1) 33 of the Frizzled receptors can also bind to Wnt molecules 36 providing a precise adjustment of the crucial initiation of the Wnt pathway. sFRP1 directly binds to Wnt proteins and can actively regulate Wnt activity. 37 Upregulation of sFRP1 has been associated with apoptosis, 38, 39 and downregulation has been found in more than 80% of invasive breast tumors. 40 Recently, epigenetic inactivation by promoter hypermethylation of several sFRP proteins, including sFRP1, could be demonstrated in colorectal and gastric cancers. 41 In this study, we describe deletion mapping of chromosome 8p in 99 bladder tumors using loss of heterozygosity (LOH) and multicolor fluorescence in situ hybridization (FISH) analysis. A strong correlation of 8p deletions with invasive growth of papillary bladder tumors could be found. The loss of sFRP1 expression was frequent (mRNA and protein) and was associated with high stage and grade and poor survival, especially in papillary muscle invasive tumors.
Materials and methods

Tissue Samples
Fresh tumor tissue snap-frozen in liquid nitrogen in the operating room was obtained by transurethral resection or cystectomy from the Department of Urology, LMU Munich, Germany, as part of a clinical study evaluating 5-ALA-mediated fluorescence endoscopy. 42 All patients gave informed consent. Histological evaluation of the resected specimens was carried out on frozen sections by two pathologists (AH, RK), and all tumors were diagnosed according to the WHO/ISUP classification of urothelial tumors 43 and staged according to the TNM system. 44 Papillary tumors of low malignant potential were excluded from the study. In all, 99 urothelial carcinomas (13 pTaG1, 14 pTaG2, one pTa G3, 12 pT1G2, 35 pT1G3, one pT2aG3, one pT2bG3, 16 pT2G3, one pT3aG3, one pT3G3, one pT3bG3, two pT4aG3, one pT4G3) were investigated. The growth pattern of the tumors was designated either as papillary (n ¼ 75, with at least 5% papillary growth in all sections of the tumor) or solid (n ¼ 21, no evidence of papillary growth). Three tumors were squamous cell carcinoma.
Cell Lines
Three different bladder cancer cell lines, representing various differentiation states of urothelial carcinogenesis, were used throughout this study. RT4 is derived from a well-differentiated, recurrent urothelial papillary low-grade tumor. 45 RT112 is from a moderately differentiated transitional cell carcinoma of the urinary bladder. 46 J82 is derived from an invasive, poorly differentiated high-grade urothelial carcinoma of the bladder. 47 For comparison, the cell line UROtsa, derived from normal urothelium by immortalization with SV40 large T antigen, 48 was investigated. Cells were maintained in RPMI supplemented with 1% L-glutamine, 1% sodium pyruvate and 5% fetal calf serum at 371C in a humidified atmosphere containing 5% CO 2 .
DNA Isolation
DNA was isolated from frozen tumor tissue sections (5 mm) according to standard procedures. In brief, after ethanol fixation (70%) and methylene blue staining for 15 s, tumor cells were microdissected manually or by laser microdissection (PALM, 49 ) to obtain at least 80% tumor cells as described previously. 8 Fibrous tissue or areas of the lamina muscularis propria were microdissected from the same specimens for normal DNA. DNA was extracted by proteinase K digestion as described previously. 50 DNA from cultured cells was extracted using the High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany). For FISH analysis, the microdissected urothelial cells were incubated in CT100 (citric acid/0.5% Tween 20) for approximately 90 min at room temperature until the cytoplasm of the cells was dissolved. The cells were pelleted on silanized glass slides by standard microcentrifugation, fixed in freshly prepared methanol/acetic acid (3:1), airdried and stored at À201C.
DNA (CITB Libraries, clone no. RS549L18; Research Genetics) was isolated with alkaline lysis and labeled with digoxigenin-11-dUTP using standard nick translation protocols (Roche, Mannheim) as described previously. 51 
LOH analysis
The microsatellite markers used in this study and their location (Figure 1b) were taken from the Genome Database (http://www.gdb.org). All primers were obtained from GENSET SA (Paris, France). Matched normal/tumor DNA samples were amplified by PCR in a 25 ml volume containing 0.2 mmol/l dNTP, 0.3 mmol/l primers, 1.5 mmol/l MgCl 2 , 0.5 U Taq polymerase (Roche Diagnostics GmbH, Mannheim, Germany), using 1 ml isolated DNA as template. The reaction mixture was subjected to 3 min of denaturing at 951C and 35 cycles of 951C for 1 min, specific annealing temperature for 1 min and 721C for 1 min, followed by a final extension step at 721C for 10 min. PCR conditions were optimized by gradient PCR and were carried out in an MJ Research Thermocycler (PTC 100). Primer sequences and annealing temperatures are given in Table 1 . The amplification products were visualized by polyacrylamide gel electrophoresis and silver staining as 8p deletions and sFRP1 loss in bladder cancer R Stoehr et al described. 52 The silver-stained gels were assessed visually by two independent observers (RS and AH), and informative cases were scored as allelic loss when intensity of the signal for the tumor allele was decreased to at least 50% relative to the matched normal allele. To avoid errors due to preferential amplification of one allele during the PCR reaction, all LOH analyses were run in duplicates following independent PCR reactions. 53 Briefly, cells on slides were denatured in 70% formamide/2 Â SSC, pH 7.0 at 751C for 2.2 min. After dehydration in graded ethanol (70, 80 and 100% for 2 min each), samples were treated with proteinase K (Sigma) for 7 min at 371C, followed again by ethanol dehydration. Proteinase K concentration varied between 0.4 and 0.8 mg/ml, dependent on tissue preservation and duration of slide storage. The hybridization mixture was denatured for 5 min at 751C and subsequently reannealed for 40 min at 371C. A measure of 10 ml of hybridization mixture (20-30 ng gene-specific probe, 1 ml direct labeled centromeric probe for chromosome 8 (CEP s 8 Spectrum Oranget, Vysis), 5-10 ng unlabeled, sonicated human placental DNA (Sigma) and 10 ml hybridization buffer (Vysis)) was applied to each cytospin. Hybridization was overnight at 371C. For every hybridization cytospins of cultured urothelial cell line HCV29 without any alteration at the investigated gene locus were included to assure an estimation of hybridization efficiency. The genespecific probe was visualized by immunostaining in two steps (10 mg/ml sheep anti-digoxigenein (Roche, Mannheim)/0.3 mg/ml FITC-conjugated anti-sheep IgG (Sigma)). Counterstaining was performed with DAPI in Vectashield mounting medium (Vector).
Scoring of FISH Signals
Cells were selected for scoring with DAPI staining according to morphological criteria. Clearly distinguishable small lymphocytes were disregarded, all other cells were scored. Slides were analyzed if more than 75% of cells were interpretable. Copy numbers for centromers and specific gene region were counted in at least 100 cells. Only cells with nonoverlapping and intact nuclei were counted. Cells without any signal were disregarded. All hybridizations were evaluated independently by two investigators (RS, AH) and the mean of both counts was used. As a measure of deletion, the percentage of cells containing either one copy of chromosome 8 and one gene-specific signal or fewer gene-specific signals than centromeric signals was calculated for each hybridization (defined as the percentage of deletion). The average percentage of deletion of 10 hybridizations of a urothelial cell line (HCV29) and six hybridizations of dissected normal urothelium from patients without bladder cancer was less than 1575% for the used probes. A tumor was considered deleted for the specific chromosomal locus if the percentage of deletion was 440% (equivalent 2 Â mean7s.d.) as a conservative evaluation of the results.
RNA Preparation
The microdissected tissue samples were collected in GTC buffer and poly-A þ -RNA was prepared with the Poly-A-tract 1000 kit (Promega, Heidelberg, Germany), according to the manufacturer's recommendations. cDNA synthesis was initiated using a Oligo-dT-T7 primer promoter combination and in vitro transcription was performed to amplify the mRNA using the protocol of van Gelder et al 54 with modifications using an ABI Prism Sequence Detection System 5700 (Applied Biosystems, Foster City, CA, USA). cDNA quantity and integrity was evaluated after each round of amplification by quantitative real-time PCR.
Quantitative RT-PCR
For quantitative RT-PCR, aRNA was reverse transcribed to cDNA using random hexamer primers. The amplification conditions consisted of an initial 10 min denaturation step at 951C, followed by 40 cycles of denaturation at 951C for 15 s and annealing and extension for 1 min at 601C. Quantitative PCR was performed in a total reaction volume of 25 ml. The reaction mixture contained the TaqMan Universal PCR Master Mix (Applied Biosystems, Foster City, CA, USA), 300 nM Primers, 100 nM fluorophoric probe and 1 ng reverse transcribed aRNA. The oligonucleotides used for real-time RT-PCR are given in Table 1 . cDNAs were quantified by the comparative C T method normalizing the C T -values to GAPDH and calculating the relative expression values of normal to cancerous tissue. 55 
Northern Blot Hybridization
Expression of sFRP1 in various human tissues and urothelial cancers was tested using commercial multiple tissue (Clontech, BD Biosciences, Erembodegem, Belgium) and bladder tumor blots (Invitrogen, Karlsruhe, Germany). Bladder tumor blot contained 20 mg total RNA from bladder tumors of different stages and grades. Hybridization was performed using a sFRP1-probe (Image Clone no. W21306, position: 240-2720; length: 2500 bp), which was verified by sequence analysis. 32 Plabeling of the probe was achieved using the Megaprimet DNA Labeling System (Amersham Biosciences, Freiburg, Germany). Hybridizations with a 32 P-labeled DNA probe were performed according to the manufacturer's recommendation and analyzed using the Phosphoimager 595 (Molecular Dynamics, Sunnyvale, USA).
PCR Amplification and Mutation Analysis of sFRP1
All exons (1)- (3) and splice sites of the sFRP1 gene were examined for mutations by genomic sequencing analysis. Genomic DNA was amplified by PCR 8p deletions and sFRP1 loss in bladder cancer R Stoehr et al with six sets of primers. All primers were obtained from GIBCO Invitrogen Corporation (Karlsruhe, Germany). Primer sequences and annealing temperatures are given in Table 1 . Each target sequence was amplified in a 25 ml reaction volume containing 50 ng DNA, 0.2 mmol/l dNTPs, 1.5 mmol/l MgCl 2 (except exon 2 and 3 0 region of exon 3: 2.5 mmol/l MgCl 2 ), 2 pmol/l primers and 1.25 U Taq polymerase. PCR amplification consisted of 35 cycles (951C for 30 s, specific annealing temperature for 30 s and 721C for 30 s) after an initial preheating (951C for 10 min). A final elongation step of 721C for 10 min was performed. PCR products were purified before sequencing using the PCR Purification Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Sequencing was performed using ABI PRISM BigDye TM Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA). PCR conditions were as follows: initial preheating (951C for 5 min) and 35 cycles consisted of 951C for 30 s, 501C for 10 s and 601C for 4 min. DNA (50 ng) were used for each reaction.
Bladder Cancer tissue microarray (TMA) and Clinical Follow-up Data
The construction and composition of the bladder cancer TMA containing 776 formalin-fixed, paraffinembedded tissues were described previously. 56, 57 All slides of all tumors were reviewed by one pathologist (GS) and tumor stage and grade were defined according to the UICC classification. Stage pT1 was defined by both unequivocal tumor invasion of the suburothelial stroma and tumor-free fragments of the muscular bladder wall. Cases with stromal invasion but no muscular bladder wall in the biopsy were classified as at least pT1 (pT1À). Growth pattern was determined for all invasive tumors. Papillary growth was defined if there was a papillary tumor component (Z20%) with identical grade as the invasive tumor. All other tumors were considered to have a solid growth pattern. These cases were considered in the statistical analysis with regard to histological type, grading and overall survival, but not in that with regard to stage or stage/grade. Patient survival time ranged from 1 to 236 months with a median follow-up period of 42 months in these patients.
sFRP1 Immunohistochemistry (IHC)
An avidin-biotin peroxidase method with diaminobenzidine was used on formalin-fixed, paraffinembedded material after incubation and microwave antigen retrieval. Frozen sections (5 mm) were airdried, fixed in acetone (À201C for 5 min) and IHC was performed using ChemMate 
Slides were washed with PBS several times, followed by incubation with 100 ml of a second antibody (swine anti-rabbit FITC-conjugated antibody; DAKO A/S, Denmark) in a dilution of 1:20 for 1 h 371C. After several washes, slides were mounted with VECTASHIELD s Mounting Medium containing DAPI for nuclear staining, and assessed on a Axiovert S100 microscope (Zeiss, Germany).
Methylation Analysis of the sFRP1 Gene Promoter
The methylation analysis of the promoter region of the sFRP1 gene was performed using methylationspecific PCR (MSP) as described in Suzuki et al.
41
Statistical Analysis
The w 2 test was used to determine whether there was an association among deletions on chromosome 8p, sFRP1 expression and histopathological characteristics of the tumors. P-values o0.05 were considered as significant. For simple multiple testing procedures P-values were adjusted using BonferroniHolm method. 58 Contingency 
Results
Chromosome 8p Deletion Analysis by LOH and FISH Analysis
DNA from all 99 primary tumors and matched normal tissues was successfully investigated for allelic deletions. All investigated patients showed heterozygosity in at least 1/9 microsatellite markers, 97/99 (98%) patients showed heterozygosity in at least 3/9 markers. The marker D8S532 gave no interpretable results in any of the investigated patients. Allelic loss on chromosome 8p in at least one marker was found in 25/99 (25%) tumors ( Figure 1c and Table 2 ). Of the 25 tumors, 11 showed LOH in more than three markers on chromosome 8p. In eight of the remaining 14 tumors more than three markers were not informative (NI) or not available (NA) and gave no information about the deletion status in these tumors. Of 25 (72%) tumors, 18 showed LOH at chromosome 8p12. In all, 11 tumors showed smaller deletions with a minimal region of deletion at 8p12-11.1 (D8S311, (Figure 1d , Table 2 ), using a centromeric probe for chromosome 8 and a locus-specific probe for 8p12-11.1 (sFRP1). Results from the LOH analysis could be confirmed in all 16 interpretable cases. There were no homozygous deletions in any of the (Figure 2a) . Normal urothelial tissue showed clear sFRP1 expression, whereas all investigated tumor samples showed a complete loss of sFRP1 RNA (Figure 2b ).
sFRP1 Sequence Analysis
The genomic sequencing analysis of the coding sequence of sFRP1 (exons and splice sites) was successfully performed in 18/25 tumors with allelic deletion on chromosome 8p. Neither mutations nor polymorphisms were found. A 3bp deletion (5 0 GCA3 0 at codon 13) detected in tumor tissue of breast cancer patients (data not shown) was not found in this study. An additional 46 randomly selected snap-frozen bladder tumors with different staging and grading (ranging from pTaG1 to pT4aG3) were analyzed to avoid selection bias. No mutation or sequence variant was found in any of the investigated tumors.
Quantitative RT-PCR Analysis of sFRP1 Expression
Overall, 52 bladder tumors (ranging from pTaG1 and CIS to pT2G3) including the tumors from sequencing analyses, and 14 benign urothelial tissue samples (normal urothelium, urothelial hyperplasia and cystitis) were analyzed for sFRP1 expression by real-time quantitative PCR. RNA with a low level of degradation (defined as 
sFRP1 Immunofluorescence
Four bladder cell lines were investigated for cellular distribution of sFRP1. The breast cancer cell line MCF7 that is known to lack sFRP1 expression 38 was utilized as a control. In all urothelial cell lines, a perinuclear cytoplasmatic staining was seen, indicating a localization of sFRP1 in the Golgi apparatus as expected for a secreted protein. UROtsa, RT4 and J82 showed a strong staining, whereas in RT112 only a weak staining was found. MCF7 was negative (Figure 3a ).
sFRP1 Immunohistochemistry
Immunohistochemical staining for the expression of sFRP1 was performed in 12/18 tumors with LOH on chromosome 8p12 (Figure 3b) . No tissue was available from the remaining tumors. Nine tumors showed a strong sFRP1 staining, three tumors (25%) lacked sFRP1 protein expression (3x pT1G3). To avoid a bias due to preselection of the tumors resulting from the 8p deletion analysis, an additional 46 randomly selected, formalin-fixed, paraffin-embedded archival bladder tumors (16 pTaG1, 11 pTaG2, nine pT1G2, seven pT1G3, two pT2G2, one inverted papilloma) were investigated for sFRP1 expression in large tissue sections. In 12 (26%) of the 46 tumors no or only very weak sFRP1 protein expression was detectable (3 Â pTaG1, 4 Â pTaG2, 2 Â pT1G2, 3 Â pT1G3). There was no correlation between the lack of sFRP1 protein expression and the histopathological features in this small series. Investigation of a large series of bladder cancers (n ¼ 776, Figure 3c , Table 3 ) using the TMA technology 59 revealed a loss of sFRP1 expression in 35% of cases (238/684) and a strong reduction in 31% of cases (215/684). Expression loss of sFRP1 was associated with higher tumor stage and grade and shorter overall survival (Figure 4a ). In addition, loss of SFRP1 was an independent indicator of poor survival in papillary, but not solid muscle invasive bladder cancer (Figure 4b and c) .
Methylation Analysis of The sFRP1 Promoter
The methylation status of CpG islands in the sFRP1 gene promoter was investigated in 42 bladder tumors (ranging from pTaG1 to pT4aG3) and six normal urothelial samples using MSP. We found a strong methylation in three tumors and weak methylation signals in nine tumors (Figure 2c) . None of the normal urothelial samples showed a MSP signal. All three tumors with strong methylation signal also showed the loss of sFRP1 mRNA or sFRP1 protein. Only from 6/9 tumors with weak methylation additional data (quantitative RT-PCR or IHC) were available. Three tumors showed normal protein staining in the IHC analysis, three tumors lacked completely the sFRP1 protein or showed weak sFRP1 expression. In addition, 14 tumors with SFRP1 loss showed no MSP product.
Discussion
Most patients with papillary bladder cancer show an indolent clinical course with a low risk of progression. However, 20% of patients will eventually progress to invasive cancer. The search for molecular markers for risk assessment of papillary bladder cancer is an important focus of research in the last years. 3 Deletions of chromosome 8p are found in many tumor types 14, 15 and are associated with progression and metastasis of bladder, lung or breast cancer 16, 19 Herein, we describe a deletion analysis using LOH analysis of chromosome 8p in 99 clinically and pathologically well-characterized bladder cancers of different stages and grades. There were deletions in 25% of all tumors. Interphase FISH analyses could confirm the deletions in all interpretable cases. There was a correlation of LOH at chromosome 8p with invasive tumor growth. Interestingly, this was due to a highly significant association of 8p deletions with progression of papillary bladder cancer (42%; P ¼ 0.008), whereas solid tumors without papillary component were only very infrequently deleted at this chromosome (9%). Previous LOH and FISH studies investigated the deletion frequency at chromosome 8p in bladder cancer. Simon et al 19 showed a significant association between invasive tumor growth and 8p deletions detected by FISH. Takle et al 20 found deletions of 8p in a very similar frequency to our results using LOH analyses. In contrast, Muscheck et al 18 reported a much higher percentage of 8p deletions (75%) focusing on 8p23 and found a strong correlation with tumor grade (G3). However, all three studies did not correlate the growth architecture of the tumor with 8p deletions.
The correlation of LOH at chromosome 8p and progression of papillary tumors supports the development of invasive bladder cancer through two different pathways with stepwise accumulation of different genetic alterations and development of two distinct tumor entities ( Figure 5 , Cordon-Cardo et al.
2 Low-risk noninvasive papillary tumors are characterized by early deletions of both arms of chromosome 9 4 and mutations of the FGFR3 receptor, 5 and show very infrequent additional genetic alterations. 10, 12 They frequently recurr but only rarely progress and could be called 'papilloma'. In contrast flat, solid tumors (carcinoma in situ, CIS) show in addition to chromosome 9 deletions LOH at chromosome 17p13.1, frequent mutations in the p53 gene and many additional genetic alterations in early stages and develop muscle invasive disease very quickly. However, there seems to be a group of patients with initially papillary tumors and progression to aggressive bladder cancer (Figure 1a) . Histopathological examination of cystectomy specimens with invasive bladder cancer frequently show coexisting poorly differentiated papillary tumors, CIS, and invasive cancer in the same patient, suggesting a possible overlap of both cancer pathways. Our data indicate that 8p deletions could be important in the transition of papillary tumors to invasive cancer. Comparative genomic hybridization studies by several groups comparing noninvasive papillary tumors (pTaG1-2) and invasive tumors (ZpT1) 9,10,60-62 revealed additional genetic alterations associated with the invasive phenotype (eg deletions at 2q, 5q or 11p, see Figure 5 ), although an association with papillary growth architecture was not assessed in these studies.
Prospective studies using LOH and/or FISH analyses for progression-associated chromosomal The frequent chromosomal losses on 8p12-22 in many malignancies strongly suggest the presence of important tumor suppressor genes within this region. In bladder cancer, only three candidate genes have been investigated so far. The mutation analyses of POLB and PPP2CB did not find mutations in tumors with LOH at 8p, although a possible epigenetic inactivation was not investigated. 27 Vecchione et al 26 showed the downregulation or complete loss of FEZ1/LZTS1 in more than 60% of the investigated primary bladder tumors and a close correlation between loss or reduction of the protein and high-grade bladder tumors.
Gene expression studies using DNA microarrays are new and powerful tools to identify new tumorrelated genes in chromosomal candidate regions. Both in silico analyses of differentially expressed genes in normal urothelium and bladder cancer searching different databases and expression analyses using a custom-made Affymetrix chip revealed a frequent loss of expression of the sFRP1 at chromosome 8p12-11.1 (data not shown).
sFRP1 is a member of the Wnt pathway, a multimember signal cascade implicated to play an important role in the development of many malignancies (see, for review, Morin 34 ). The effects of activated Wnt signaling are tightly regulated. Soluble Wnt binding proteins (eg sFRP1, WIF-1, FrzB, Dkk) act as antagonists to the transmembrane Frizzled receptors modulating activation of the Wnt signal cascade. 33 Cellular loss of one of these antagonists could result in an increased Wnt pathway activation with increased and uncontrolled proliferation leading to tumorigenesis.
The loss of sFRP1 expression detected in cDNA expression studies could be verified by quantitative real-time PCR and Northern blot in this study. Overall, 34% of the bladder tumors demonstrated the loss of sFRP1 expression. In immunohistochemical studies investigating large tissue sections using a polyclonal antibody, 25% of the tumors lacked sFRP1 expression (Figure 3b ). In addition, most of the tumors demonstrated a weaker staining than the corresponding normal urothelium adjacent to the tumor. In 22 tumors investigated both with real-time PCR and immunohistochemistry, there was a very good correlation (73%) between both methods. Analysis of a large number of tumors on a TMA revealed SFRP1 loss as an independent indicator for poor survival in patients with invasive papillary tumors and a significant correlation with a shorter overall survival. These data demonstrate the power of TMAs allowing to investigate large patient cohorts.
The mechanism leading to downregulation of sFRP1 expression is not fully understood and remains unknown. We were not able to demonstrate sFRP1 mutations in sequencing analyses of 64 bladder tumors. FISH analyses in 16 tumors and four cell lines revealed no evidence for homozygous deletions. However, methylation analysis of the sFRP1 promoter showed a methylation signal in 29% of cases. Although promoter methylation is not as frequent than in colorectal and gastric cancer, 41 our data are in accordance with the study from Suzuki et al 41 and suggest that epigenetic 8p deletions and sFRP1 loss in bladder cancer R Stoehr et al gene silencing could be the reason for sFRP1 expression loss in bladder cancer. As we studied only one CpG site by MSP which was most frequently methylated in colorectal cancer, 41 it is possible that we missed the methylation of CpG sites in the sFRP1 promoter in the remaining 14 cases with SFRP1 protein loss.
In conclusion, we could show a close correlation of chromosome 8p deletions and progression of papillary bladder tumors. Although the loss of the SFRP1 protein was not significantly associated with 8p deletion, it was associated with higher tumor stage and grade and poor overall survival especially in patients with muscle invasive papillary tumors. Promoter methylation was demonstrated as the likely reason of sFRP1 downregulation in a subset of tumors. These data suggest that sFRP1 could be one of the progression-related genes on chromosome 8p. The functional analysis of reduced sFRP1 expression in urothelial carcinogenesis awaits further analysis.
